Abstract-We demonstrated a tunable S-band multiwavelength fiber laser based on semiconductor optical amplifier (SOA) and hybrid amplifier. The proposed multiwavelength utilizes a comb nIter based on one PMF segment of Lyot birefringence nIter for multiwavelength tunability. The wavelength spacing and the peak flatness can be altered by adjusting polarization controller (PC).
INTRODUCTION
Multiwavelength fiber laser has many potential applications such as optical wavelength division multiplexing systems, fiber sensors, instrument testing, spectroscopy, and so on. Many researches pertaining to multiwavelength fiber laser have been demonstrated in optics and photonics utilizing various types of optical amplifiers such as SOA, Raman fiber amplifier and erbium doped fiber amplifier (EDF A). Each optical amplifier provides numerous advantages and characteristics in spectral width, maximum gain, bias current as well as operating wave length. SOA offers an inhomogeneous broadening of gain medium and other ability to support simultaneous oscillation of many lasing lines [1] . The EDFA weakness in multiwavelength fiber laser generation compare to that of SOA are its endurance from highly mode competition and unstable multiwavelength lasing at room temperature. Several solutions have been im plemented to overcome this problem such as cooling EDF A at very low temperature, utilizing highly nonlinear fiber to gener ate four-wave mixing effect and using nonlinear gain of cas caded stimulated Brillouin scattering or stimulated Raman scattering [2] . SOA has many other benefits as it can stably generates multiple lasing lines at room temperature [3] , pros perous solution of wide bandwidth coverage as well as electri cally pumping scheme [4] .
978-1-61284-264-6/11/$26.00 ©2011 IEEE In the previous work, tunability of wavelength spacing can not be implemented based on one segment of PMF [6] until it was successfully demonstrated as in [5] . However, was report ed only tunability using EDF A as the gain medium. In this paper, we proposed a multiwavelength fiber laser structure based on Lyot birefringence filter using different gain medium in S-band SOA and EDF A so as to investigate the characteris tics of the spectrum laser. By adjusting PCs, the wavelength spacing can be tuned either 0.4 nm or 0.8 nm easily as well as its level evenness. Interestingly, we only use two PCs in the cavity for the spacing tunability compare to three PCs as demonstrated in [5] .
II.
EXPERIMENTAL SETUP Fig. 1 shows the configuration structure of the demonstrated multiwavelength fiber laser based on Lyot birefringence filter. The Lyot birefringence filter is normally formed by a birefrin gence device in between two polarizers which angled at 45° linearly polarization state. In our structure, we chose 6.2 m of PMF (Panda-type) as the birefringence device. The polarizer is comprised from combination of two PCs and a polarization dependent isolator (PDI). Owing to the structure was designed in a ring cavity, only a polarizer is sufficed instead of two po larizers. The laser source is provided from an SOA (manufac tured from Alphion) which covers S-band region with the bandwidth is centered at approximately 1490 nm. The optical passive components used in the structure consist of single mode fiber (SMF) and PMF. PDI is a PMF-based component which used to direct the light unidirectionally. In addition, it also offers wavelength-dependent polarization rotation mecha nism [7] [8] as well as preventing any undesired reflections. Two PCs (fiber and free space type) are employed in the structure to alter the state and degree of polarization. Subsequently, we also used an optical circulator which works as a reflector or mirror to reflect the light after it passes through the PMF. Ultimately, we used a 10/90 coupler to tap out the laser output to be ana lyzed by an optical spectrum analyzer (OSA) with resolution of 0.05 nm. The wavelength spacing, I':!.'A is calculated from formula of I':!.'A = 'A 2 /BL, where B is the fiber birefringence (4.5 x 10-4 ), 'A is the operating wavelength and L is the effective length of the PMF. The tunability of wavelength spacing is attributed from the change of effective length, L and 2L. When the degree of polarization is rotated to 0° and 45°, the effective length is L and 2L, respectively [5] . The degree of polarization can be changed by manipulating the half wave plate (HWP) of the free-space PC in the ring cavity.
The light emitted from the SOA to the SMF component is oscillated at arbitrary polarization state (PS). In generating multiwavelength fiber laser based on PMF, we need a perpen dicularly degree of polarization to the PMF optical axis so that the light can be refracted into two. PC2 is used to ensure the degree of polarization can be changed to fulfill the condition of the double refraction. In the PMF, the two lights travelled at different speed due to different refractive index. At the end of the PMF, the lights interfered to create multiwavelength gener ation. Fig. 2 depicts multiwavelength spectrum at 0.4 nm and 0.8 nm wavelength spacing using S-band SOA. The data are taken at several bias current, but we chose the best peak evenness in 400 rnA compare to other bias currents. The lasing waveband, shown in Fig. 2 , is located at S-band region ranges from 1499 to 1508 nm which obey the center bandwidth of the SOA. The lasing wavelengths shown in Fig. 2(a) are lased at 6 channels within 10 dB bandwidth, whereas in Fig. 2(b) the lasing wave lengths are shown at 10 channels within the same bandwidth. The highly fluctuated is due to insufficient gain and imperfec tion of splicing work. The ER for both figures has more than 20 dB to state that this multiwavelength fiber laser can be used in the multiwavelength fiber laser application. Wavelength (nm)
III.

EXPERIMENTAL RESULTS
Wavelength ( and SOA are used together. For this setup, we only investigate its (ER) and lasing wavelengths. 5 lasing wavelengths are gen erated within 5 dB bandwidth at SOA bias current of 600 rnA. However, high ER of more than 30 dB is obtained due to the used of higher gain medium. We also investigate its wave length spacing which wider to 0.88 nm due to the increment of operating wavelength to longer wavelength at around 1562 nm. The SOA bias current then reduced to 400 rnA and 200 rnA without manipulating pes and resulted in lower peak powers and higher peak fluctuations, as can be seen in Fig. 3 . Fig. 4 is translated from peak power of Fig. 3 as we plotted peak power against bias current of the SOA from 100 to 600 rnA. The output power of EDF A is fixed as we only deal with SOA currents. For each current, 5 different peak wavelengths have been plotted to investigate the flatness for every bias current. From the figure, it is clear that 600 rnA bias current has the best flatness and followed by 500 rnA current as the second best flatness. Subsequently, the laser wavelengths are seen more uneven when the current is lowered from 400 to 100 rnA which is due to gain decrement.
N.
CONCLUSION
We have experimentally proposed a tunable multiwave length fiber laser in a Lyot birefringence filter setup where two different gain mediums are used. Using S-band SOA, we achieved maximum of 10 lasing wavelengths within 10 dB bandwidth. In the other hand, the wavelength spacing is easily tuned either 0.4 nm or 0.8 nm with little peak fluctuations .
With the additional EDF A in the structure, we obtained high ER of more than 30 dB at 600 rnA bias current. Furthermore, we found out that the wavelength spacing is observed at 0.88 nm, slightly wider than that of the used of only SOA due to the increment of operating wavelength .
